Fax Re^jflKi:, 
13 DEC '00 l'*:57 .Bp- 



. 12/13/2000 07:59 U0RKSRV1 FAX3A372F5FUB0^J|(3|^^^^^ 
I'SPOOR PiMD FISHER 



- 1 



AN 



ELECTROCHEMICAL CELL 



THIS .venfon ..ates to an e,e.rc«. ce... in P.^cu.ar a .ead-a.d 
l^ery call, and to an ^dd'^ve for reducing water loss thereof. 

overcharging to ensure that the cel. no , ^ 
known that such overcharging causes electrolysis, 
this leads to a loss of water from the electrolyte. 

, far the electrolyte to contain between 30% and 40% of sulphuric 

half thte concentration of aad when the cell is depleted. 

u fhe cell the negative electrode includes an active 

dioxide. 

,rtive oortion of lead in the negative electrode and the 

lead sulphate. 
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to the cell is completed and an electric current is permitted to flow therein. 
The cell is recharged simply by causing the current in the circuit to reverse, 
thereby causing the reactions to be reversed. The reactions will slow down 
as the cell becomes fully charged, and cease upon attainment of a lull state 
of charge. 

The customary overcharge which ensues is made as small as possible within 
practical limitations, and especially so in the case of sealed batteries where 
the avoidance of water loss is even more important. However, once the 
reactions between the electrolyte and the electn^des have finally ceased, the 
current being applied to the cell electrolyses the water portion of the 
electrolyte into its primary constituents, hydrogen gas at the negative 
electrode and oxygen gas at the positive electrode, effecting a loss of water. 
The functional chemistry of the electrodes is substantially unaffected by this 
process of electrolysis, which affects principally the electrolyte through 
decomposition. 

US Patent no. 3,928,066 to Lewenstein discloses a rechargeable lead add 
storage battery incorporating a quaternary ammonium compound wherein 
aromatic and/or aliphatic groups have been substituted for all the hydrogen 
atoms for the purpose of suppressing hydrogen evolution and thereby 
Inhibiting water loss. 

A disadvantage of the Lewenstein invention is that it Is limited to providing 
suppression of gas evolution passively through minimising the latent 
chemical reactions between the electrolyte and antimony-to-lead couples 
existing in one of the electrodes, also known as local action, and does not 
provide for suppression of gas evolution caused by electrical stimulation 
provided by an external circuit. 
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Another disadvantage is tiiat quaternary ammonium compounds have a 
limited life in a lead-acid battery oaH even it the cell remains unused. A 
dosage, whether 200 ppm or 2 percent in concentration initially, can fail to 
near zero within a few weeks, and consequently provides the daimed benefit 
for perhapg less than ten percent of the service life of the cell. 

it is an object of the present invention to overcome these and other 
disadvantages by providing means for suppressing the evolution of gas from 
an electrochemical cell while an electrode of the ceil is in a state of charge, 
particularly in a so-called "overcharged" state. 

SUMMARY OF THE INVENTION 

An electrochemical cell of the invention comprises opposed positive and 
negative electrodes, an aqueous electrolyte in ionic contact with the 
electrodes and a current reducing additive in Ionic contact wrth the 
electrolyte and the electrodes, the current reducing additive being capable 
of reducing the flow of cument between the electrodes when a potential 
ordinarily sufficient to cause electrolysis of the electrolyte is applied across 
the electrodes, thereby to reduce the amount of electrolysis of the 
electrolyte. 

By "potential ordinarily sufficient to cause electrolysis" is meant a potential 
which, in the absence of the additive, will cause electrolysis i.e. an 
overpotential. Thus, there is a potential threshold above which eiectnalysis 
takes place in the absence of the additive of the invention and below which 
little or no electrolysis takes place. 



The invention extends to a method of reducing water loss in an 
electrochemical cell, in particular a battery such as a lead acid battery, 
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Including the step of introducing a current reducing additive into the 
electrolyte of the cell to reduce the current between the electrodes of the 
cell when a potential ordinarily sufficient to cause electrolysis of the 
electrolyte is applied across the electrodes, thereby to reduce gas evolution 
at the electrodes and, consequently, water loss. 

The invention also extends to an electrochemical cell comprising opposed 
positive and negative electrodes, an aqueous electrolyte in ionic contact 
with the electrodes and a current reducing additive in ionic contact with the 
electrolyte and the electrodes, the current reducing additive being arranged 
to adhere or adsorb to the negative electrode and to form an impediment or 
barrier over a surface of the negative electrode when a potential ordinarily 
sufficient to cau3e electrolysis of the electrolyte is applied across the 
electrodes, the barrier or impediment providing a reduction in the flow of 
current to the electrode and/or a reduaion in the flow of ions to the 
negative electrode and/or gas bubbles from the negative electrode, thereby 
reducing the amount of electrolysis. 

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWrMnR 

The invention will now be described m more detail, by way of example only, 
with reference to the accompanying drawings in which: 

Figure 1 shows a graphical representation illustrating the voltage 
dependency of an electrochemical cell on the concentration of 
an additive of the invention; 

Figured shows a graphical repre$entatlon Illustrating the current 
dependency of an electrochemical cell on the concentration of 
an additive of the invention; 
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Shows a graphical representation illustrating the comparative 
current dependency of an electrooliemical celi without an 
additive of the invention and a cell with an additive of the 
invention on the supply voltage to the cell; 

shows a graphical representation illustrating the performance 
or a golf-cart battery without an additive of the inventron; 

shows a graphical representation illustrating the performance 
of a golf-cart battery with an additive of the Invention; and 

is a schematic sectional view of a portion of ^ negative 
electrode of an electrochemfca! cell in contact with an additive 
of the invention. 

M DETAILED DESCRIPTION OF PREFERRED EMBODIMENTfS) 

Hi 

j'^ According to the invention, a battery cell having a posftrve electrode, a 

negative electrode and an electrolyte is dosed with an additive which acts on 
the negative electrode to reduce water consumption of the cell during the 
course of operation of the celL in particular when the cell is in a state of 
overcharge. 

An n-all<yl dimethyl ben2yl ammonium chloride having 12 to 16 carbon atoms 
'i^ its alkyi ^ubstituent has been found to be particularly useful as an additive 
of the invention. • Other useful compounds include didecyl dimethyl 
ammonium chloride, didecyl methyl oxyethyl ammonium propionate, as well 
as a wide range of other quaternary ammonium compounds including 
pyridine and Quinoline. Non ionics including primary, secondary and tertiary 



Figure 3 



Figure 4 
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amines are also effective, but less so. Anionics including sodium dioctyl 
sulpho succinate have aI$o been found to work, but only In the presence of 
suitable cations. 

For the purposes of describing the effect of an additive of the invention, 
reference w^ill be made to a lead-add battery cell. 

The positive electrode thereof has an active component of lead-dioxide in 
contact with the electrolyte and the negative electnxle has an active 
component of lead in contact with the electrolyte, when the cell is in a 
charged condition. The electrolyte typically consists of water and sulphuric 
acid, the sulphunc acid conventionally comprising one third of the electrolyte, 
by weight, when the cell is in a charged condition. The electrodes 
conveniently include support members which are usually made of lead and 
lead alloy. 

The electrodes of a lead-acid battery are preferably formed as grids, and 
have the respective active components of lead and lead dioxide impressed or 
pasted into the grid apertures. The positive electrode may. optionally, be 
formed Into an array of tubes. A metallic core is typically located within each 
tube and surrounded by an active component such as lead-dioxide and 
contained within a porous tube-like structure. The electrodes may, 
optionally, be formed out of sheet or foil, which may, or may not be subjected 
to mechanical processing prior to Incorporation into the cell construction. 

The electrodes commonly include materials other than the active 
components of lead and lead dioxide, in combination with the active 
materials, so as to improve their performance in use and to prolong their 
useful life. Upon discharge, the lead dioxide of the positive electrode is 
progressively converted into lead sulphate, and the lead of the negative 
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eJaotrode rs progressively converted Into lead sulphate. This process is, of 
course, reversed upon recharging. 

^ The electrolyte is ty picaUy free flowing. It may, optionally, be combined with 
a carrier to prevent ft from flowing freely. In thi3 way it may be suspended or 
immobilised. Furthermore, the electrolyte may, optionally, contain agents to 
assist in transportation of constituents relating to the normal chemical' 
reactions between the positive electrode, the negative electrode and the 
electrolyte. The electrolyte may be gelled or may be suspended by surface 



Conventional battery cells are usually equipped with sheets of separator 
material rncluding, for example, porous executions of wood, cefluiose, paper, 
rubber, fibreglass, fibreplastic, polyethylene, polypropylene, polyvinylchloride, 
as well as combinations of the aforelisted and combinations thereof with 
silica, as well as other suitable substances. 

The separators are intended to maintain the electrodes physically apart and 
to facilitate contact between the electrodes only through the medium of the 
intervening portion of the electrolyte. 

Conventional battery cells are also usually equipped with electrodes having 
active materials therein in combination with expanders and fillere, which 
combination is intended to improve the mechanical pnaperties of the 
electrodes, for example, during their constnjction and during their service life 
in application. These additional substance? Include, for example, carbon 
black, barium sulphate and a wide variety of wood extracts as well as 
processed substances. 

Significantly, some manufacturers of separation and expander-filler materials 
for use in batteries have claimed that their products have capacity to impart a 



tension. 
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reduction in water consumption and an extension to the service life of the 
batteries incorporatinQ them without these claims having been substantiated. 

In charging a battery, a conventional battery charger and requisite circuitry 
are used. Such a battery charger may include at ieast one transformer, a 
rectifier and a current controiling device to limit the current supplied by the 
battery charger. It may further include a ferro-resonant regulator, lhyri$tor 
reguiator or inverter regulator The battery charger typicaily includes a series 
regulator for the control of output potential and also for the control of output 
current. 

The battery charger is advantageously equipped with electronic regulating 
circuitry capable of maintaining the delivery of a potential and of a curiBnl 
very dose to their selected values, such delivery sometimes being termed 
constant potential and constant current, respectively. 

In the operation of charging a battery, it is preferable to select a zero current 
and a zero voltage setting prior to commencement of operation of the battery 
charger. If it is desired to provide the cell with charging energy at a constant 
potential, first the maximum desired current is selected. Thereafter the 
desired potential is selected and the selected potential applied to the cell. 
The current which flows as consequence of the selection and application of 
the potential may lie between a :aero value and a value corresponding to the 
maximum desired current. 

If it is desired to provide the cell with charging energy at a constant current, 
the maximum desired potential is selected. Thereafter the desired current is 
selected and begins to flow in the circuit. The potential which appears across 
the terminals of the cell as a consequence of the selection and application of 
the current may lie between a zero value and a value corresponding to the 
maximum desired potential. Although a zero potential may appear, this is 
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ncntially be contributing a potential due to afinHe charge therein. 

,n order to show the oor^^uence of contacting the electrolyte with an 
,n order to show e ^^^^^ 

additive of the invention, in tnis case an 

Chloride additive, the following non-limiting example. v..re carried out. 
pyAMPLEl 

A lead-acid Patter cell was assemt,led ..h a pos«.e ^^^^^^^^^^ 
active component Of lead dlo.de In contact with the electrode an e 
iative eil^e made of pure lead foil havin, a po^n of .e.d .n <.n^^ 
1 electrolyte. The electrolyte w.s procured ^ a su.ta.e sourc. of 
battery acid having a specriic gravity of 1 .260. 

-n.e materia. chc.en for the negative electrode proVKled a compara^vely 
1,1 .active materia, area and thereby added sensiUv^ty to the test, which a 
conventional pasted electrode would not have provided. 

The negative etectrode was placed in contact v.th the battery add of 1 .260 
SG for two days prior to incorporation into the lead^oid batten, test cell. 

The eel, was subjected to a oun.nt of 150 unti, the electrode, began to 
emit gas bubbles. The current was turned off, and a small incandescent 
Imp rated at 2 V and 1.0 mA was o^nneoted a.oss t^ terminus, 

- causing it to light up. brieflv, ^ . ^ _ _ ^ ^ 

Thereafter the eel, was a,ain subiectad to a current of 150 mA until the 
electrodes emitted gas bubbles. 
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A dispensing dropper was calibrated using a solution of n-aikyi dimetHyl 
benzyl ammonium chloride to dispense a quantity per drop calculated to 
provide an increment of 5 mg/l by weight, of the n-alkyi dimethyl benzyl 
ammonium chloride in the electrolyte. 

Figure 1 shows a graph representing the potential across the electrodes of 
the cell against the n-alkyi additive concentration, in milligrammes per litre, 
with increments of 5 mg/l at 10 minute intervals up to 75 mg/l, at a steady 
current of 150 mA throughout. Thereafter the quantities dispensed were 
increased to pn:>vlde 250 mg/l and 1 500 mg/l concentrations In the 
electrolyte at intervals of one hour. The temperature of the electrolyte 
remained between 19.1 and 20.8''C throughout the test 

The ^raph appeared to confirm that the potential across the electrodes of a 
lead-acid battery cell increases significantly upon addition of n-alkyi dimethyl 
benzyl ammonium chloride, even at a concentration as little as 5 mg/l, 
levelling out at about 75 mg/l. and remaining relatively constant up to 1 500 
mg/l providing the cunnent flowing in a circuit including the cell is maintained 
at a constant level 

However, the cunnent through the cell was maintained constant at a value of 
1 50 mA throughout the test. Therefore, if there should be a change in the 
impedance of the cell, by way of example, this would also be reflected as a 
conresponding change in the potential across the ceil. 



Thus a second test was conducted on another cell of the same type, and 
under the same conditions, except that instead of maintaining the cunient 
through the cell constant, the potential across the cell was maintained 
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constant The variation in current against Increasing dosage concentration 
was reconded. 

Figure 2 sliows a graph representing the cument through the cell against the 
n-all<yl dimethyl benzyl ammonium chloride concentration, in milligrammes 
per litre, with increments ot 5 mg/l at 10 minute Intervals up to 75 mg/l, at a 
steady 3.000 volts throughout. The quantities dispensed thereafter were 
increased to 250 and 1 500 mg/l, as before. The temperature of the cell 
remained between 24,6 and 23.4<'C throughout the test. 

The graph confirms that the current fell significantly upon addition of n-alkyf 
dimethyl benzyl ammonium chloride, even at a conoentration of 5 mg/l, 
levelling out at approximately a half of the starting curnent. 

Afthough the two graphs of Figures 1 and 2 are not an exact match at the 
3.000 V and 150 mA points, they are deemed dose enough to confirm the 
existence of an impediment, which causes a reduction in current rather than 
an increase in potential. 

EXAMPLE 3 

Two cells of identical type to the ceil in Example 1 were assembled. The 
electrolyte was procured from the same source of battery acid having a 
specific gravity of 1.260. 

The two cells were each in turn subjected to a current of 1 50 mA and the 
procedure for producing gas bubbles and connecting the incandescant lamp, 
followed by repeat gassing, as per Example 1 , was applied. 



Thereafter the first cell received a dosage of r^alkyl dimethyl benzyl 



Fax Recei> 
13 DEC '00 15:00 FRt 



w 



J2/13/2000 07: 
POOR AND FIJ 




142014 



P. 15/38 



- 12 - 



m 



ammonium chforide in a single application to provide a ooncentralion in its 
electrolyte of 50 mg/l, while the second cell received no dosage. Both ceils 
were subjected to a current of 150 mA following the dosing. 

After inten/ais of 15 minutes of current, the potential across the electrodes of 
the second cell closely resembled the potential represented in the graph of 
Figure 1 at 0 mg/l, and the potential across the electrodes of the first cell 
resembled the potential represented at 50 mg/l. 

After each cell had been subjected to its individual initial sequence, the 
second ceil was readied for operation, but the current was not applied. The 
second cell negative electrode was removed from the second cell» and 
discarded, while the first cell negative electrode was removed from the first 
celt. The portion of this electrode that had been submerged in the electrolyte 
was carefully protected against contact by any solid objects. The first cell 
negative electrode was then carefully washed under cold iiinning water for 
one minute, and allowed to dry by evaporation in a dry atmosphere at 20^C. 

The first ceil negative electrode was deemed dry after 30 minutes arxi It was 
incorporated into the second eel! to replace the original negative electrode 
that had been removed and discarded. Thereafter, the second cell was 
subjected to a current of 150 mA until the electrodes emitted gas bubbles. 

Then, after 30 minutes, a potential measurement was taken. The potential 
across the electrodes resembled the potential represented in the graph by 34 
mg/l. suggesting that the dosage of n-alkyi dimethyl benzyl ammonium 
chloride that had been applied to the first cell, but not the second cell, had 
provided the negative electrode with a property of increasing the cell potential 
at a fixed current,, which property is transferable. The slight reduction in 
equivalent mg/l suggests either an error in measurement, Ot a small wasting 
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of the property. 
EXAMPLE 4 

A lead-acid battery cell wa^ assembled with a positive electrode having an 
active componerit of Idad dioxide and a negative electrode comprising a 
conventional grid-like structure and pasted active material therein. An 
electrolyte having a specific gravity of 1 .260 was procured. 

The material chosen for the negative electrode was selected from a portion 
of a conventional lead-acid battery of a type commonfy used to power golf- 
carts. The material chosen for the positive electrode was similarly Selected, 4 

Both electrodes were placed in contpct with the electrolyte for a period of two 
days while a current varying between 1 mA and 1.0A was allowed to pass 
between them. Thereafter the electrolyte was discarded. 

Subsequently, a replacement electrolyte was applied, per Example 1, and 
the cell was subjected to a cun-ent erf 150 mA until the electrodes both 
emitted gas bubbles, and the potential across the terminals had risen to an 
upper potential limit of 2.6 V. whereupon the current was permitted to 
stabilise while the potential was maintained, for a period of two hOurs. 

Thereafter the current was turned off, and the incandescant lamp was 
applied, per Example 1, until the potential across the terminals had fallen to a 
value of 1,5 V. 

Following this procedure, the cell was again subjected to a current for a 
second cycle, until the potential had risen to 2.6 V, In the same way as 
before. The lamp was applied again, as before. 
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On the third cycle, the current was applied, as before, and allowed to 
stabilise, as before. Thereafter the current was turned off for a period of 12 
hours. 

Figure 3 depicts a graph representing the voltage and current interactions of 
the cell on being subjected to the next procedure, following the 12 hour rest 
period. 

The current regulator was set to 250 mA, and the vottage regulator was 
turned up progressively in increments read off at 20 mA, in order to control 
the current. 

V\fith reference to Figure 3, as expected the increments initially produced a 
rise in current, as depicted on cun/e 10 from section 12 to 14. The ammeter, 
however began failing rapidly when an attempt was made to Increase the 
current beyond 100 mA. Further attempts at increases were halted until the 
current stabilised settling at 50 mA. 

Progress beyond 16 proceeded with current and voltage rising to point 18, on 
the curve 1 0. 

It was noted that the cell produced very little gassing during the initial section, 
from 12 to 14, but as the ammeter reading began to fall beyond point 14, and 
was reaching towards point 16, the negative electrode began emitting gas. 

At this point a reference electrode was introduced into the cell, the 
reference electrode was constructed out of pure lead foil, and was soaked In 
electrolyte corresponding to battery acid procured from a suitable source and 
having a specific gravity of 1 .260. 
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Upon introduction of the reference electrode, an electrical connection was 
briefly made between the terminal of the negative electrode and that of the 
reference electrode. Thereafter a voltmeter having an input impedance of 
10^^ chms was connected across these terminals. The voftage regulator wa$ 
restored to zero, and a period of waiting ensued until the voltmeter reading 
had fallen to zero, (plus-minus 1 mV). Thereafter the previous run was 
repeated, and it was noted that the potential across the temninals of the 
negative electrode and reference electrode presented the same deviation or 
inflection as before. An electrical connection was again briefly made 
between the tennlnals of the negative and reference electrodes, and the 
voltmeter was then reconnected across the terminals of the positive 
electrode and the reference electrode. The voltage regulator was restored to 
zero, and following the same period of waiting, the njn was again repeated. 
This time the potential across the connected terminals did not present any 
significant deviation or inflection, and the reference electrode, was withdrawn 
from the cell. 

Thereafter the cell received a dosage of n-alkyi dimethyl benzyl ammonium 
chloride in a single application to provide a concentration in its electrolyte of 
50 mg/K and the second cycle was repeated. This second cycle Included a 
current being applied at 150 mA until the cell was gassing and the potential 
across the cell had risen to 2.6 V, followed by stabilisation for a period of two 
hours. This was followed by application of the incandescant lamp as before. 

Significantly, the recharging and discharging periods constituting the second 
cycle including the additive were almost identical in duration to the recharging 
and discharging period constituting the 'second cycle without the additive. 



Thereafter the current was turned off for a period of 12 hours. The third 
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cycle was repeated agairt, and again the current was turned off for a period 

of 12 hours. 

The entire pracedure. from the moment the cLirrent regulator was f..^ set to 
250 mA and the voltage regulator turned up progressively to control the 
current, was repeated. 

-Rie initial potential across the terminals of the positive and negative 
electrodes appeared lower at 20 and at 40 mA, but thereafter increased 
more rapidly, as shown on curve 20 from section 22 to 24. When an attempt 
was made to increase the current beyond 60 mA the ammeter again began 
falltng. and further increases were halted until the current stabilised. Then, 
when the current had appeared to have Stabilised the voltage control was 
increased, but It soon became apparent that the current was fafling still 
further. Eventually it Stabilised at 20 mA, as shown from section 24 to 26. 
Progress beyond 26 towaitJs 28 appeared to proceed as before, but at 
elevated potential with respect to the first run. 

It was again noted that the cell produced very little gassing during the Initial 
section, from 22 to 24. but as me ammeter reading began to fall beyond point 
24. and was reaching towaixls point 26, the negative electrode again began 
emitting gas. 

The tests with the reference electrode were repeated, and as before the 
deviation or inflection was witnessed between the reference electrode and 
the negative electrode, but ther« was no significant deviation or inflection 
between the reference electrode and the positive eiectnode. 

The graph confirms that inflections provide readily identifiable markers of a 
boundary between a mode of operation of a lead-acid battery cell which 
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provides little or no gassing, and a mode of operation which provides 
significant gassing. 

Importantly, the graph oonfirms that at a given eel! potential, above the 
gassing point of the cell, the current in the ceil Is reduced to approximately a 
half by a presence of n-alkyl dimethyl benzyl ammonium chloride at a 
concentration in the electrolyte of the cell of 50 mg/l. Significantly . there mu$t 
be an application of energy, in other words, the cell must be undergoing 
charging to achieve this reduction in current. 

A preliminary test confirmed that a lead-acid battery ceil will exhibit a reduced 
inflection, or no inflection at all if it has received insufficient charge. It may be 
inferred that a pronounced inflection on a rising potential implies a uniformity 
of the chemical condition of the electrodes as presented to the etecte^olyte, 
and in particular the negative of the cell in respect of the electrolyte. 
Therefore, the inflections, depicted on the graph of Figure 3, imply a 
completion of the changing reactions of the battery cell as the inflections 
commence, followed by electroly3is of the water portion of the electrolyte as 
the potential across the cell is increased further, 

By interpretation, according to Faraday's first law, the rate of gas beinQ 
liberated through electrolysis will be directly proportional to the magnitude of 
the current applied to the cell. As such, the reduction in current provided by 
the addition of n-a!ky! dimethyl benzyl ammonium chloride results in a 
proportional reduction of gas evolution in the cell, and as consequences, 
provides a reduction in the loss of water from the electrolyte of the cell. 

The quantity of gas liberated at a negative electrode of a lead-acid battery 
cell undergoing chargif^g 9t a potential above a well established inflection 
may be estimated simply from a determination of the magnitude of the 
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current as well as the duration of the current. 

By way of example, assuming a current of 150 mA for 2 hours, and the 
liberation at the negative of hydrogen gas, the mass of liberated gas will be 

Current f A) x time fs) x gramme atomic weight 



= 0.Q1128 orammes . equating to 125 ml at N.T.P. 

The following is provided as an explanation of the process that takes place 
wh^n an additive of the invention Is included in a battery undergoing 
charging, in particular overcharging. 

The results obtained in the aforegoing examples provide confirmation of a 
significant effect on the negative electrode by an addition of a minute quantity 
of n-alkyl dimethyl benzyl ammonium chloride to the electrolyte of the cell. 
Example 2. in particular, confirms that addition provides a remarkably 
resilient coating on the surface of the negative electrode, one which resists 
attempts at dissolving it in water. Varying orientations of the negative 
electrode within the cell provide the same results, implying that the coating is 
uniform. Increasing concentration initially appears to provide a 
comespondlng increase In the density of the coating, reaching saturation at 
around 50 to 100 mg/L 

The degrees of permanence of the coating implies that a form of bonding 
occurs between an active constituent of the additive and the surface of the 
electrode. Indeed, this is entirely feasible since the n-alkyi dimethyl benzyl 
ammonium chloride ionises readily, allowing the n-alkyi dimethyl benzyl 
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ammonium cation to migrate to the negative electrode, and the chloride 
anion to migrate to the positive electrode. 

At higher cMncentrations the chloride anion is l^nown to have a deleterious 
effect on the positive electrode, but this does not appear to be the ce©e in the 
present invention. On reaching the positive electrode, the relatively few 
chloride ions are believed to convert mto chlorine gas, which seems to 
disappear without any trace. No deleterious effect has been detected. 

In contrast, the effect of the migrated cations on the surface of the negative 
electrode is significant and is of considerable benefit to the operation of 
electrochemical cells, for example, lead-acid battery celis. 

The cation belongs to a group of amines termed quaternary ammonium, A 
quaternary ammonium ion is a powerful surfactant due to its long non-polar 
hydrocariaon tail and polar head. Although the tail is hydrophobic, the head is 
hydrophilic and will dissolve in water in all proportions, wherein it readily 
attaches to negatively charged particulates and surfaces. 

The positive change of the cation is carried by a single pentavalerrt nitrogen 
atom residing in the head, causing the cation to be attracted head first onto 
the surface of the negative electrode. In this process, the tail is left jutting 
out. although it need not necessarily be straight but can be rolled into a ball, 
or indeed any intermediate shape. The tail is not static, and in groups tails 
are able to take up positions relative to each other so as to balance out and 
minlrnise the force of repulsion between them, 

N-alkyI dimethyl benzyl ammonium chloride, in oommon with other 
surfactants^ can provide a stable interface between water and air, and as a 
consequence tends to promote foaming. This property is used to advantage 
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in the preferred embodiment of the present invention. Once firmly attached 
by their heads, the protruding tails are abie to attract and to impede the flow 
away from the negative electrode surface of some of the hydrogen gas that 
is evolved in the course of operation of electrochemical ceils, such as lead- 
acid battery cells. Gas that is attracted to the tails of the free cations likely 
contributes to limited conventional foaming. 

Is has been ascertained that the effect on the negative electrode, as 
described, is not limrted specifically to n-alkyi dimethyl benzyl ammonium 
chloride. Indeed, it can be evoked through the addition of small quantities of 
other Substances, to a greater or lesser degree, depending on their 
hydrophilicity and hydrophobicity and conformity with requisite geometric 
aspects at moiecular level. Some other non-ionising and anionic additives 
such as aliphatic and cycloaliphatic amines, optionally in combination with 
aromatic groups, quaternary ammonium compounds, sulpho-succinic 
compounds, naphthenic acids and their amine salts, esters of higher 
polycarboxylic acids, as well as a variety of compounds containing elements 
of the fifth and sixth periodic groups such as nitrogen, oxygen and sulphur, 
as well as heterocyctic compounds including pyridine and quinoline have also 
provided encouraging results. Ureas, thioureas, mercapatans, alhehides, 
ketones and organic acids also find application. 

Importantly, hydrogen ions must be able to migrate to the negative electrode 
in order to sustain the evolution of hydrogen gas. However, any impediment 
to the migration of hydrogen Ions results in a reduction in the evolution of 
hydrogen gas. The process simply self-adjusts» thereby maintaining a 
balance. 

In order to determine whether or not an additive of the invention has an effect 
on the performance of a battery during discharging and recharging, the 
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following comparative example was carried out. the results of which are 
depicted graphically in Figures 4 and 5. 

FYAMPLE 5 

Two 100 A-H golf-cart batteries were deep cycled to ascertan the effect of 
the additive on the actual process of battery operation with respect to 
discha-ging and recharging phases, the first battery receiving no additive and 
the second battery receiving 200 mg/l of an n-aikyi dimethyl benzyl 
ammonlunn chloride additive. 

After the two batteries had been examined and were found to. be free of any 
defects, they were placed on test according to Battery Council Intemational 
Deep Cycling Battery Test Procedure (5/93). The tests were carried out at 
room temperature. A charging current of 30 A was applied to a voltage limrt 
of 2.55 volt per cell, and until 130 percent of the discharged capacity was 
returned, 

Discharge was at 75 A down to 1 .75 volts per cell. The batteries were rested 
for four hour? before commencing the next cycle. The tests were conducted 
in conjunction with Bitrode LCN System Test Modules with precision 
programmable chargers and dischargers controlled by means of P C 
programs written expressly for the procedure. 

It can be seen by way of comparison of the results set out graphically in 
^Figures 4 a nd 5 that the perform ance oHhe additive battery (Figure S) was 
marginaliy superior to the perfotwance of th^s non-additive batery"(Figure 4). 
This shows that the additive does not interfere with the charging and 
discharging currents, the so-called process currents, in any way. it is thus 
only the so-called electrolysis cument that is reduced above the potential 
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threshold of the battery. 

A segment of an electrochemical cell of a type used rn the aforegoing 
examples is illustrated In Figure 6. Specifically, Figure 6 shows a 
microscopic schematic representation of a section 30 of a negative electrode 
32 as well as an associated surfsice 34 and adjacent mini&cular portion of an 
electrolyte 36. Attached to the surface 34 at irregular intervals are shown 
five quaternary ammoniums 38. each comprising a hydrophilic head 40 and a 
hydrophobic tail 42. By way of example, in a lead-acid battery cell, the 
negative electrode 32 would be made of lead and the electrolyte 36 would 
cpomprise between 30 and 40 percent of sulphuric acid^ by weight, in water. 
The structures of the indlvldusi! ejuaternary ammonluims 3S a%-not drawn to 
scale, but are greatly exaggerated for sake of clarity. The chemical structure 
of the illustrated quaternary ammonium ion, comprising the head 40 and the 
tail 42 is approximated by the formula: 



+ 



CHa N 



"(CH3)n.,(CH3) 




head 40 tail 42. 
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Wherein n represents the number of carbon atoms in the hydrocarbon tail, 
whicti i$ typically a mixture of C12, C14 and C16; and the shape of the 
quaternary ammonium ion is tetnahedral. 

No attempt has been made in Rgure 6 to depict the shape of the head 40 
other than schematicaily. The structure of the tail 42, on the other hatid. is 
shown to be representative of the actual structure of the hydrocarbon tail, 
comprising a zig-zag chain of cariaon atoms with outrigger hydrogen atoms. 
The tails are likely to have a different orientation, each to a different extent, to 
that which is showri. 

Hydrogen ions may be assumed as migrating towards the surface 34 of the 
electrode 32 along a tortuous path 44, eventually reaching the surface 34 in 
area 46, Whereupon the hydrogen ions are converted into hydrogen gas. 
which travels away from the surface 34 along a rtiUte 48. 

The evolving hydrogen gas 50 is represented by irregularly shaped 
interlinking "balloons", some of which are interconnected in other planes not 
shown, and therefore appear free of each other. 

■me illustration is intended to exemplify only the rudiments of the presence 
and effect of an impediment medium by way of schematic representation, 
and as such, the depiction WA\ differ in Important respects to the actual 
situation which prevails in an electrochemical cell. 

In the absence of quaternary ammoniums, the migration of hydrogen ions 
proceeds at a specific rate detemnined by a variety of factore particular to the 
electrochemical cell. However, in the presence of an effective concentration 
of quaternary ammoniums the migration is attenuated significantly thnjugh 
the interaction descriised above. The results obtained in the aforegoing 
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examples, as well as other tests performed on larger 100 ampere-hour rated 
battery cells over several hundred consecutive charge-discharge cycles, 
have indicated that the impediment medium is active during a period of 
operation that in lead-add battery cells, by way of example, corresponds to a 
gassing phase, v^hich follows the completion of charging reactions within the 
cell upon continued application of charging energy to the cell. The 
impediment medium is substantially inactive during the periods of operation 
constituting charging and discharging, when the cell is accepting and 
delivering energy, respectively. 

iij The effect of the Impediment medium, as has been observed where a battery 

' charging apparatus is delivering electrical energy to a battery at a constant 

voltage, is to cause an apparent decrease in the charging current 

^ The effect of the impediment medium, as has been obsen/ed in a situation in 

Yii which a battery charging apparatus is delivering electrical energy to a battery 

K at constant current, also appears to cpuse an apparent increase in the 

charging voltage. 

P 

While both these effects are observable, interpretation reveals that there is 
no real increase in the cell potential, but that there is a decrease in the 
current. The effect is caused by an apparent lengthening or narrowing of the 
path available to the migrating hydrogen Ions, which implies that the 
mechanism at work is resistive in nature. 



A creation of a resistive path at the surface of a negative electrode of an 
electrochemical cell through utilisation of a gas which is in the process of 
evolving, provides outstanding operational benefits in respect of 
electrochemical cell usage. 
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Fortunately, it is a prerequis^ite for a condition to be established which will 
lead to the evolution of ^as before the mechanism will be established that will 
have the effect of reducing the evolution of gas. There will thus exist no 
impediment to the performance of the electrochemical cell while being 
otherwise applied, for example, in charging and discharging procedures. 

Significantly, the process of impediment herein de$oribed, which applies to 
hydrogen ions, can be utilised to Impede other types of ions of which 

^ migration is occurring coincidental wtth migration of hydrogen ions, resulting 

J thereby in the reduction in migration to the negative electrode of a variety of 

W jons which might include lead, antimony, arsenic, tin, as well as others, in 

lead-acid battery cells, for example. 

y In other types of electrochemical cells, the migration of such ions as iron, 

z\r\c, chromium, coppen silver, as well as the Ions of numerous other 
rij elements which are attracted to the negative electrode, can similarly be 

M attenuated. 

M 

j-i This form of providing impediment to migrating ions is likely to be efficient 

since hydrogen Ions constitute the smallest ions, therefore all other ions will 
likely experience a greater degree of impediment than hydrogen. 

While clearly well suited for use in so-called flooded lead-acid battery cells, 
and in electrolytic and electroplating cells, where excessive water 
consumption Is inconvenient and can lead to problems later on, the present 
invention is likely to be even better suited for use in sealed lead-acid 
batteries having no facility for water replenishment, or having facility for water 
regeneration. 



Sealed lead-acid batteries and valve regulated sealed tead-acrd batteries 
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continue to suffer from a lower-than-anticipated life expectancy in the field. It 
appears that long term usage is often accompanied by a drying out effect, 
thus compromising the integrity of the battery. 

Simple addition of a dosage of n-alkyi dimethyl benzyl ammonium chloride to 
the electrolyte of such a battery at the time of manufacture may not always 
provide a solution to the drying out aspect, however. 

It might be beneficial to combine the n-alkyi dimethyl benzyl ammonium 
cation with an anion other than chloride, In the case of sealed battery usage. 
It Is necessary to dose electrochemical cells on an ongoing basis since the 
additive is consumed- A single dosage applied in direct contact writh the 
electrolyte at the time of manufacture is likely to be ineffective by the time the 
battery is ready to be put into service in the normal course of events. 

Slow release mechanisms in everyday use can be adapted for application in 
sealed lead-acid batteries, thereby providing a solution to this problem. 
These can typically include forms of impregnation, encapsulation and 
incorporation into other chemical substances of the additive presently under 
discussion, and bringing the controlled or restrained additive Into suitable 
contact with the electrolyte or the negative electrode of the sealed batter unit. 

The desired beneficial effect of an impediment medium in an electrochemical 
cell, as herein described, can also be evoked in the case of sealed lead-acid 
batteries through the addition of other substances possessing the requisite 
characteristics. 



